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INTRODUCTION: 


Stemnion  Inc.  is  developing  Am  nion  Derived  Multipotent  Progenitor  Cells  (AMPCs)  and  their  secreted  amnion- 
derived  cellular  cy  tokine  suspension  (ACCS)  as  a  platform  tech  nology  to  en  hance  wound  healing  and  tissue  repair. 
AMPCs  display  many  of  the  promising  features  of  stem  cells,  including  the  ability  to  differentiate  into  varied  cell  ty  pes. 
However,  since  they  are  isolated  from  the  membranes  of  full-term  placentas,  they  are  not  subj  ect  to  the  ethical,  social,  or 
religious  strictures  that  im  pact  embryonic  stem  cell  research .  AMPCs  are  readily  available,  abundant ,  and  have  been 
shown  to  proliferate  in  culture.  In  addition,  AMPCs  do  not  express  telomerase,  reducing  the  possibility  of  tumorigenesis 
upon  transpl  antation.  Stem  nion’ s  pre  liminary  research  has  sug  gested  that  AMPCs  are  non-immunogenic  and  have 
extraordinary  potential  in  the  wound  healing  and  tissue  repair  arena,  since  their  unique  secretory  profile  (ACCS)  contains 
many  of  the  essential  cy  tokines  and  growth  factors  involved  in  wound  healing.  Accordingl  y,  pilot  experi  ments  hav  e 
established  proof-of-concept  for  AMPCs  a  nd  ACCS  to  enhance  wound  healing  and  tissue  repair  in  both  trau  matic  and 
elective  wounds  including  burns,  contaminated  open  wounds,  su  rgical  abdominal  incisions,  and  traumatic  brain  injuri  es 
(TBI). 

The  vast  majority  of  patients  with  traumatic  S  Cl  exhib  it  histopathology  t  hat  is  the  result  of  a  partial,  not  a 
complete,  injury.  In  other  words,  while  paraly  sis  may  be  complete,  intact  spinal  cord  ti  ssue  remains,  which  suggests  the 
opportunity  f  or  im  proving  functional  r  ecovery  either  via  lim  iting  the  initia  1  damage  or  supporti  ng  enhanced  wound 
healing  post-trauma.  The  long-term  paralysis  associated  with  SCI  results  from  a  complex  set  of  events,  including,  but  not 
limited  to:  i  nflammation,  a  spreadi  ng  area  of  necrotic  and  apopto  tic  ce  11  death  of  neurons  an  dm  yelinating 
oligodendrocytes,  axonal  1  oss  and  demy  elination,  as  well  as  astroglial  scarring  of  the  i  njured  area  and  the  generation  of 
myelin  and  chondroiti  n  sulphate  prote  oglycan  (CSPG)  associat  ed  inhibitors  of  regeneration.  Local  application  of 
AMPCs,  ACCS,  or  the  co  mbination  of  the  two  may  limit  the  initial  degree  and  spread  of  injury,  and  thus  improve  the 
degree  of  rec  overy.  More  over,  AMPCs  sec  rete  proteins  (ACCS)  that  have  been  shown  to  mediate  cellular  processes  of 
tissue  repair,  opening  up  the  possibility  that  increasing  the  healing  trajectory  with  AMP  transplantation  could  decrease 
long-term  glial  scarring  or  inhibi  tory  matrix  generation.  Ad  ditionally,  data  from  other  wor  k  at  Stem  nion  suggests  that 
AMPCs  and/or  ACCS  co  uld  work  dir  ectly  to  down-regulate  fibroblast  and  glial  cell  recruitment  and  activity  ,  further 
limiting  excessive  scar  formation. 

Recent  advan  ces  using  e  mbryonic  and  adult  ste  m  c  ells  have  sho  wn  prom  ise  i  n  treat  ment  of  paraly  sis.  Using 
standard  locomotor  tests,  im  provement  in  functi  on  has  been  shown  experim  entally  with  autologous  bone  marrow  cells 
(Sykova  et  al .,  2006),  am  niotic  epithelial  cells  (Wu  et  al.,  2006),  umbilical  cord  blood  cells  (Nishio  et  al.,  2006),  and 
mesenchymal  stem  cells  (Cizkova  et  al.,  200  6),  human  oliogoprogenitor  cells  (Keirstead  et  al.,  200  5),  and  human  neural 
stem  cells  (Cummings  et  al.,  2005).  A  major  problem  with  clin  ical  transplantation  and  transl  ation  of  most  stem  cells  is 
immunogenicity  and  associated  engraftment  failure  or  rejecti  on.  Because  Stemnion’s  AMPCs  has  been  suggested  to  be 
non-immunogenic  and  survive  xenogr  aft  transplantation,  as  we  11  as  exhibit  imm  unomodulatory  prop  erties,  this  cell 
population  may  be  somewhat  uniquely  suited  as  an  early  cell  transplantation  therapy  targeting  acute  reduction  of  damage 
rather  than  subacute  or  chronic  replacement  of  cells. 


BODY: 

The  originally  approved  state  ment  of  work  out  lined  two  Ai  ms:  A)  Do  es  acute  (2  da  y  dela  y)  AMPC 
transplantation  after  SCI  i  n  NOD-  scid  mice  i  mprove  functiona  1  locom  otor  re  covery  and  histological  injury  measure  s? 
And,  B:  Is  ACCS  sufficient  to  prom  ote  recovery  of  function  after  SCI,  or  synergistic  when  administered  in  combination 
with  AMPCs  in  NOD-scid  m  ice?  In  addition,  we  pr  oposed  to  complete  histology  from  preliminary  data  on  9  day  delay 
AMPC  transplants  in  N  OD-scid  m  ice,  and  applie  d  for  an  d  re  ceived  approval  to  conduct  an  additional  com  parison 
experiment  testing  2  day  and  9  day  delay  transplantation  in  a  parallel  experiment. 

The  proposed  and  approved  experiments  can  be  summarized  as  follows: 

1)  Complete  histology  for  AMPC  survival  and  lesion  volum  e  for  previously  injured  and  transplanted  9  day  delay  AMPC 
transplanted  NOD-scid  mice  in  which  behavioral  analysis  had  already  been  completed  and  presented  as  preliminary  data. 

2)  Transplant  AMPCs  2  d  ays  post-SCI,  comparing  epicenter  versus  rostral-caudal  parenchymal  transplants.  Endpoints: 
behavioral  testing,  histology  for  AMPC  survival  and  ex  vivo  MRI  lesion  volume. 

3)  Transplant  AMPCs  9  days  and  2  days  post-SCI,  epicenter  transplants  only,  comparing  transplantation  timepoint  within 
a  single  experiment.  Endpoints:  behavioral  testing,  histology  for  AMPC  survival. 

4)  Compare  ACCS  versus  AMPC  ad  ministration  at  the  optim  al  timepoint  and  transplantation  tim  e  determined  from  the 
above  experiments.  Endpoints:  behavioral  testing,  histology  for  AMPC  survival,  lesion  volume. 

The  progress  and  results  for  each  of  these  will  be  summarized  below.  All  data  graphs/figures  are  included  under 
the  Appendix.  The  Appendix  is  organized  by  Project  sections  that  refer  to  internal  project  designations  that  are  indicated 
for  each  experiment  below. 
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1)  Complete  histology  for  AMPC  survival  and  lesion  volume  and  ex  vivo  MRI  for  previously  injured  and 
transplanted  9  day  delay  AMPC  transplanted  NOD-scid  mice  in  which  behavioral  analysis  had  already  been 
completed  and  presented  as  preliminary  data.  Internally  designated  Project  51.1 

Analysis  for  this  project  was  completed  under  the  DOD  contract  as  proposed.  The  project  was  designed  to  test  the 
effect  of  AMPCs  on  locomotor  recovery  after  contusion  SCI  with  transplantation  into  immunodeficient  NOD-SCID  mice. 
All  non-surgical  and  surgical  procedures  and  monitoring  /  post-operative  care  p rocedures  were  described  i  n  detail  under 
Sections  5  an  d  6  and  approved  b  y  IACUC  review.  A  m  oderate  T9  contusion  injury  (50k d)  was  produced  using  the  IH 
Impactor.  The  study  had  four  groups:  rostral-caudal  transplant,  rostral-caudal  control,  epicenter  transplant  and  epicenter 
control.  Transplants  of  75  ,000  cells  were  made  nine  day  s  post-injury  (sub-acute)  and  animals  were  sacrificed  at  three 
months  post-graft.  BBB/B  MS,  Catwalk  and  LadderBeam  wer  e  used  for  behavioral  asses  sment.  Staining  for  GFAP  was 
used  for  histological  evaluation  of  cord  volum  e  parameters  (total  cord,  GFA  P,  lesion  and  spared).  Graft  survival  w  as 
evaluated  using  human  marker  immunocytochemistry  (ICC).  Staining  to  test  for  cell  engraftm  ent  can  included  a  panel  of 
three  human  nuclei  antibodies  routinel  y  used  in  the  Anderson  laboratory  for  other  human  cells.  Project  51.1  open  field 
analysis  showed  a  trend  for  im  proved  r  ecovery  fol  lowing  injection  of  hAMPs  into  the  injur  y  epicenter,  but  was  not 
statistically  significant  by  repeated  measures  AN OVA  (51.1  Figure  1  Behavior.jpg).  However,  this  behavioral  trend  was 
supported  by  more  sensitive  tests,  as  LadderBeam  analy  sis  of  stepping  errors  indicated  a  significant  im  provement  in  the 
task  following  hAMPs  treatm  ent  (51.1  Appendix  Figure  1  Be  havior.jpg).  Thi  s  was  furt  her  supported  by  CatWalk  Gait 
analysis,  which  indicated  a  significant  improvement  in  paw  angle  for  the  hindlimbs  and  print  length  for  the  right  forepaw 
(51.1  Appen  dix  Fig  ure  2  Behavior.jp  g).  Prelim  inary  histology  analysis  of  24  animals  revealed  no  difference  bet  ween 
groups  for  GFAP,  lesion,  or  spared  tissue  volum  es  (51.1  Appendix  Figure  3  Histolog  y.jpg).  Immunostaining  showed  no 
surviving  cells  at  three  months  post-graft  (data  not  shown,  see  Project  51.2  data  (below)  for  an  example). 

Status:  Complete . 

2)  Transplant  AMPCs  2  days  post-SCI,  comparing  epicenter  versus  rostral-caudal  parenchymal  transplants. 
Endpoints:  behavioral  testing,  histology  for  AMPC  survival  and  ex  vivo  MRI  lesion  volume.  Internally  designated 
Project  51.2 

Based  on  the  behavioral  data  from  the  initial  9  day  delay  experiment,  it  appears  that  there  may  be  a  wound  healing 
effect  in  the  animals  receiving  epicenter  AMPC  transplantation,  which  could  be  a  quite  interesting  finding.  The  logical 
prediction  is  that  an  effect  on  wou  nd  healing  would  be  enha  need  at  earlier  ti  mepoints  after  SCI,  when  there  is  great  er 
opportunity  tom  odify  secondar  y  inj  ury  processes.  Accordingl  y,  the  effect  of  a  more  acute  transplantation  tim  e  on 
locomotor  outcome  was  proposed  for  investigation.  A  2  day  delay  was  selected  based  on  the  clinical  relevance  of  surgical 
intervention  within  the  first  48  hours  post-SCI.  All  non-surgical  and  surgical  procedures  and  monitoring  /  post-operative 
care  procedures  were  described  in  detail  under  Se  ctions  5  an  d  6  an  d  appr  oved  b  y  ACURO  and  IACUC  review.  A 
moderate  T9  contusion  injury  (50kd)  was  produced  using  the  IH  Impactor.  2  days  post-SCI,  human  ADCs  were  injected 
via  a  pulled  glass  micropipette  attached  to  a  nanoinjector  either  into  four  sites  around  the  i  njury  center  (2  rostral  and  2 
caudal,  right  and  left  of  the  center)  or  as  a  single  inj  ection  directly  into  the  injury  epicenter.  250nl  of  cells  were  injected 
for  each  rostral  caudal  site  for  a  total  of  1  ul  for  each  animal.  2ul  of  cells  were  injected  for  the  epicenter  site.  Cells  w  ere 
be  injected  at  a  concentration  of  75,000  cells  per  pi  sterile  HBSS.  Vehicle  will  consist  of  sterile  HBSS. 

No  significant  differences  were  detected  between  groups  using  repeated  measures  ANOVA  followed  by  post-hoc 
Bonferroni-Dunn  tests  in  the  main  BMS  score  (51.2  Appendix,  Figure  la).  However,  a  tre  nd  for  parenchymal  transplant 
animals  to  be  worse  than  epicenter  controls  at  the  end  of  the  exp  eriment  (28d  su  rvival)  is  clearly  apparent  in  the  BMS 
subscore  (51.2  Appendix,  Figure  lb).  In  contrast  to  the  be  havioral  data,  MRI  analy  sis  of  lesion  volume  revealed  a 
surprising  reduction  i  n  lesion  volume  in  the  parench  ymal  AMP  transplant  group  (AMP-RC)  in  com  parison  with  bo  th 
vehicle  control  groups  and  the  epicenter  AMP  transplant  group  (AMP=Epi).  ANOVA  p<0.05,  F=3.406  (  51.2  Appendix, 
Figure  2a).  *  Indicates  p<0.05  versus  all  other  groups.  However,  immunocytochemistry  to  identify  engrafted  cells  using 
labeling  for  human  nuclei  in  sections  from  the  engrafted  anim  als  has  not  revealed  evidence  for  survivi  ng  cells  28d  post¬ 
transplant  (51.2  Appendix,  Figure  2b). 

Status:  Analysis  of  supplemental  behavioral  tasks  (CatWalk  and  LadderBeam)  is  being  completed .  Project  will  be 
complete  after  this  analysis . 

3)  Transplant  AMPCs  9  days  and  2  days  post-SCI,  epicenter  transplants  only,  comparing  transplantation 
timepoint  within  a  single  experiment.  Endpoints:  behavioral  testing,  histology  for  AMPC  survival.  Internally 
designated  Project  51.3 

As  described  above,  i  n  P5 1 . 1  we  tested  both  epicenter  and  rostral-caudal  parenchy  mal  transplant  locations,  and 
only  the  epic  enter  transplants  improved  locomotor  recovery.  All  experiments  were  conducted  in  a  blind  ed  fashion,  and 
none  of  the  technicians  in  volved  in  behavioral  testi  ng  had  any  access  to  coded  animal  data  identifying  the  experimental 
groups.  Because  of  difference  between  the  epicent  er  and  pa  renchymal  transplant  groups  and  t  he  m  agnitude  of  t  he 
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behavioral  change  observed,  we  believe  it  is  unlikely  that  there  is  a  false  positive  for  recovery  of  function  in  that 
experiment. 

As  also  described  above  behavioral  analysis  for  P51.2  did  not  reveal  improvements  in  locomotor  recovery  similar 
to  those  observed  in  the  case  of  dela  yed  transplantation  (9  days  post-SCI).  There  is  a  concern  that  two  factors  may  have 
contributed  to  this  result:  1)  the  cell  lines  shipped  t  o  us  by  Stemnion  for  the  i  nitial  project  (P51.1)  and  current  project 
(P5 1 .2)  were  not  the  same;  2)  the  culture  medium  used  in  cell  preparation  for  the  initial  project  (P5 1.1)  and  current  project 
(P5 1 .2)  were  not  the  same.  This  is  because  pursuant  to  preparing  for  clinical  translation,  Stemnion  has  instituted  a  change 
in  culture  techniques  that  excludes  reagent  containing/exposed  to  animal  products  from  the  culture  medium. 

Based  on  the  results  above  and  in  consultation  with  Stem  nion  investigators  and  Dr.  Curley,  we  therefore 
redesigned  the  scope  of  work  to  incorp  orate  a  parallel  analy  sis  transplantation  timing  directly  comparing  9dpi  with  2dpi 
and  focusing  specifically  on  the  epicenter  group,  this  project  was  designated  P51.3. 

No  significant  differences  in  locomotor  recovery  were  observed  in  P51.3  (51.3  Appendix,  Figure  1),  as  w  as  the 
case  in  P51.2.  Further,  preli  minary  histological  anal  ysis  has  shown  little  evidence  fo  r  AMPC  engraftment  using 
immunostaining  for  human  nuclei,  as  was  the  case  for  the  P51.2  2d  post-SCI  transplantation  paradigm  (data  not  shown). 
Status:  Additional  immunocytochemical  analysis  for  AMPC  engraftment  in  progress ,  project  will  be  complete  after  this 
analysis . 

4)  Compare  ACCS  versus  AMPC  administration  at  the  optimal  timepoint  and  transplantation  time  determined 
from  the  above  experiments.  Endpoints:  behavioral  testing,  histology  for  AMPC  survival,  lesion  volume. 

We  feel  that  at  this  point  it  is  appropriate  to  proceed  with  Aim  B  of  the  contract  at  this  juncture,  focusing  on 
feasibility  of  ACCS  in  SCI,  and  complete  these  studies  in  a  model  that  has  optimal  clinical  relevance  for  wound  healing 
(Sprague  Dawley  rat)  rather  than  cell  engraftment  (NOD-  scid  m  ouse).  Ba  sed  on  discussions  with  Dr.  Curley  ,  the 
appropriate  I ACUC  modifications  have  been  submitted  at  UCI,  and  when  a  pproved  will  be  submitted  through  ACUR  O 
while  final  histological  engraftment  analyses  are  ongoing  from  P51.3.  A  more  detailed  rationale  for  this  shift  is  included 
under  CONCLUSIONS  below. 

Status:  Replaced  with  a  test  of  ACCS  administration  via  intrathecal  catheter ,  see  (Aim  B  Alternative  Proposed  Project 
Plan  for  testing  ACCS’  following  CONCLUSIONS  below . 


KEY  ACCOMPLISHMENTS: 

Noted  above 


REPORTABLE  OUTCOMES: 

No  publications  at  this  time. 


CONCLUSIONS: 

Our  wo  rking  hy  pothesis  is  that  the  pr  omising  preli  minary  data  reflect  transi  ent  cell  survival  and  s  ynthesis  of 
trophic  or  other  factors  that  may  alter  the  injured/wound  heali  ng  environment.  Additionally,  variation  in  AMPC  cell  lot 
effects  could  suggest  that  cell  engraftment/survival  severely  compromised  i  n  the  injured  sp  inal  niche,  even  in  t  he 
xenograft  friendly  NOD-scid  mouse.  The  success  we  have  histor  ically  had  with  engraftment  of  other  CNS  cell  ty  pes  in 
this  model  points  to  a  niche  effect  in  this  cas  e  as  the  basis  for  survival  failure.  Full  analysis  of  this  issue  would  requir  e  a 
timecourse  study  that  is  outside  the  scope  of  this  project. 

As  these  stu  dies  have  been  in  progress  Ste  mnion  has  made  sign  ificant  advances  with  the  ACCS  side  of  their 
research  program,  with  s  everal  key  advances  that  pertain  direc  tly  to  this  SCI  project.  Firs  t,  they  have  reported  that 
multiple  treatments  with  ACCS  is  as  as  or  more  effective  than  AMPCs  in  wound  healing  paradigms  (data  submitted  as  a 
part  of  Stemnion  IND  application,  graph  appended  below).  Second,  they  have  recently  (December  2008)  received  FDA 
approval  of  their  IND  application  for  use  of  ACCS  i  n  a  Phase  I  trial  in  bum  patients.  Accor  dingly,  in  terms  of  project 
planning  and  regulatory  issues,  use  of  a  cell-derived  media  product  may  be  a  more  rapid  ro  ute  to  trial  than  a  product  that 
is  a  cell-based  therapeutic. 

Accordingly,  we  feel  that  at  this  po  int  it  is  appropriate  to  proceed  with  Ai  m  B  of  the  contract  at  this  juncture, 
focusing  on  feasibility  of  ACCS  in  SCI,  and  com  plete  these  st  udies  in  a  m  odel  that  has  optim  al  clinical  relevance  for 
wound  healing  (Sprague  Dawley  rat)  rather  than  cell  e  ngraftment  (NOD-sci d  mouse).  Based  on  discussions  with  Dr. 
Curley,  the  appropriate  IACUC  modification  has  been  subm  itted  at  UCI,  and  w  hen  approved  will  be  submitted  through 
ACURO  while  final  histological  engraft  ment  analyses  are  ongoing  from  P5 1 .3.  The  propos  ed  project  plan  for  ACCS  is 
below: 
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Aim  B  Alternative  Proposed  Project  Plan  for  testing  ACCS: 

Amnion-derived  Cellular  Cytokine  Suspension  (ACCS)  is  a  suspension  of  ph  ysiologic  levels  of  growth  factors 
and  tissue  inhibitors  of  m  etalloproteinases  derived  from  Amnion  Derived  Multipotent  Progenitor  Cells  (AMPCs).  Based 
on  wound  healing  data  wi  th  ACCS  in  skin  inj  ury  models  (Steed,  DL,  et  ah,  200  8  and  Franz,  MG.,  et  al.,  2  008),  we 
hypothesized  that  ACCS  administration  would  minimize  lesion  volume  and  glial  scaring  post-SCI,  promoting  the  capacity 
for  regenerative  responses. 

All  of  the  or  iginally  proposed  studies  using  AMPCs  and  ACCS  made  use  of  NOD-scid  mice,  a  constitutively 
immunodeflcient  mouse  model  in  which  there  is  a  minimal  xenograft  rejection  response,  in  order  to  maximize  AMPC 
transplant  survival.  A  principal  overall  goal  of  these  studies  was  to  investigate  and  co  mpare  the  effi  cacy  of  AMPC  and 
ACCS  administration.  However,  analy  sis  of  the  results  fro  m  the  previously  approved  AMPC  transplantation  studies  h  as 
revealed  that  AMPCs  do  not  survive  well  in  the  injured  spinal  cord.  These  data  are  in  striking  contrast  to  previous 
transplantation  work  with  other  stem  cell  and  pr  ogenitor  populations  in  the  An  derson  Lab  and  CDRF  Core,  which  hav  e 
shown  robust  survival  and  engraftment  in  the  NOD-scid  SCI  model. 

A  significant  limitation  of  the  NOD-scid  mouse  SCI  model  with  regard  to  wound  healing  is  the  lack  of  cavitation 
in  all  mouse  SCI  models,  which  is  a  normal  clinical  featur  e  of  human  SCI,  and  the  altered  imm  unological  response  of 
these  animals.  Recent  data  have  suggested  that  ACCS  may  exert  some  activity  by  altering  the  immunological  response  to 
injury,  an  effect  that  could  be  partially  abrogated  in  the  NOD-scid  m  odel.  Additionally,  our  collaborators  have  recently 
(December  2008)  received  FDA  approval  of  their  I  ND  application  for  use  of  ACCS  in  a  Phase  I  trial  in  burn  patients. 
Further,  a  second  body  of  recent  eviden  ce  published  since  the  approval  of  this  protocol  has  suggested  that  multiple 
administrations  of  ACCS  are  more  efficacious  in  promoting  wound  healing  that  either  AMPC  transplant,  or  single  ACCS 
treatment  alone  (Franz,  MG.,  et  al.,  2008).  Finally,  in  terms  of  project  planning  and  regulatory  issues,  use  of  a  cell-derived 
media  product  may  be  a  viable  potential  SCI  therapeutic  than  a  product  that  is  a  cell-based.  Accordingly,  given  the  lack  of 
successful  engraftment  of  AMPCs  in  the  NO  D-scid  SCI  model,  and  the  potential  for  i  mproved  efficacy  for  ACCS  in  an 
immunocompetant  rat  S  Cl  model,  we  propose  to  alter  the  original  final  experiment  in  this  tr  io  (section  3.3.2  experiment 
C)  to  focus  on  a  moderate  contusion  injury  in  Sprague  Dawley  rats. 

Change  of  route  of  administration: 

In  the  original  version,  the  effect  of  ACCS  ad  ministration  was  tested  usin  g  epicenter  injection  via  a  pulled  glass 
micropipette  attached  to  a  nanoinjector.  As  noted  above,  recent  data  has  suggested  that  multiple  administrations  of  ACCS 
are  more  efficacious  in  promoting  wound  healing  that  either  AMPC  transplant,  or  single  ACCS  treat  ment  alone  (Franz, 
MG.,  et  al.,  2008).  Accordingly,  we  propose  to  alter  the  route  of  ad  ministration  to  deliver  ACCS  via  i  ntrathecal  pump, 
which  will  p  rovide  continuous  deliver  y  of  ACCS  for  14d  post-S  CL  This  is  an  already  approved  pr  ocedure  under  the 
existing  protocol. _ _ _ _ _ 


Group  Tr 

eatment 

Strain/Species  USD  A 

Code 

N 

1  Vehicle 

Sprague-Dawley  rats 

D 

ADULT 

20 

2  ACCS 

Sprague-Dawley  rats 

D 

ADULT 

20 

AD 

ULT  Rats 

40 

AD 

ULT-S  Rats 

0 

TOT 

ALN 

40 

All  non-surgical  and  surgical  procedures  and  m  onitoring  /  po  st-operative  care  procedures  are  described  in  detail  under 
Sections  5  and  6.  All  procedures  will  be  performed  under  isoflurane  anesthesia.  The  spinal  cord  will  be  exposed  at  T9  and 
a  200kd  contusion  injury  produced  using  the  IH  Impactor.  Immediately  following  SCI,  a  fine  intrathecal  catheter,  attached 
to  an  osm  otic  minipump,  will  be  inserted  at  L2  and  gent  ly  thr  eaded  to  T10.  The  osm  otic  pu  mps  wi  11  be  i  mplanted 
subcutaneously  and  contain  either  ACCS  or  vehicle.  Animals  will  be  anesthetized  2  weeks  post-injury  and  pumps  will  be 
removed.  The  catheter  placement,  pump  placement,  and  pump  removal  have  been  previously  approved  by  IACUC  and  are 
detailed  in  4.7  and  4.13  of  section  6  of  the  application.  For  all  procedures,  after  suturing,  all  ani  mals  will  be  monitored 
until  they  recover  from  an  esthetic,  and  maintained  on  water-j  acketed  heating  pads  at  37°  C  overnight.  Animals  will  b  e 
group  housed  in  cages  with  Alpha-dri  bedding,  m  onitored  a  minimum  of  2x/day  for  a  minimum  of  2  weeks  post-SCI  for 
signs  of  debi  litation  or  skin  lesions,  and  their  bladders  expressed  a  minimum  of  2x/day  by  manual  crede  during  this 
period.  Animals  will  be  monitored  lx/day  thereafter  until  sacrif  ice.  Animals  will  be  tested  on  BBB  (Pre-injury,  2  days 
post-SCI,  1  week  post-S  Cl,  and  each  week  for  4  weeks),  gait  analysis  (pre-SCI  and  4  weeks  post-SCI),  and  ladderbeam 
(pre-SCI  and  4  weeks  post-SCI).  Animals  will  be  euthanized  and  tissue  harvested  for  provision  4  weeks  post-SCI. 
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APENDICIES: 


1)  Complete  histology  for  AMPC  survival  and  lesion  volume  and  ex  vivo  MRI  for  previously  injured  and 
transplanted  9  day  delay  AMPC  transplanted  NOD-scid  mice  in  which  behavioral  analysis  had  already  been 
completed  and  presented  as  preliminary  data.  Internally  designated  Project  51.1 


Figure  la.  51.1  BBB  and  BMS  Open  Field  Analysis 
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Figure  1b.  51.1  Ladderbeam  Task 
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Figure  1.  Open  Field  Loco  motor  and  Horizonal  Ladder  Beam  Assessments  for  Project  51.1.  A)  BBB  and  BMS  score  s 
for  experimental  groups.  While  a  strong  trend  was  observed,  no  statistically  significant  differences  were  found  between 
groups  in  rep  eated  measures  ANOVA  analysis  with  post-hoc  Bonferoni  Dunn  correction.  B)  Supplemental  behavior  al 
analysis  of  horizontal  ladder  beam  testing  focusing  on  the  epicenter  transplantation  groups  revealed  a  significant  reduction 
in  the  number  of  hindlimb  errors  in  animals  that  received  hAMP  transplants  versus  vehicle  controls. 
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APENDICIES: 


1)  Complete  histology  for  AMPC  survival  and  lesion  volume  and  ex  vivo  MRI  for  previously  injured  and 
transplanted  9  day  delay  AMPC  transplanted  NOD-scid  mice  in  which  behavioral  analysis  had  already  been 
completed  and  presented  as  preliminary  data.  Internally  designated  Project  51.1 


Figure  2.  51.1  Catwalk  Gait  Analysis 
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*  Two-tailed  t-test,  p-value  <0.05 


Figure  2.  CatWalk  Kinematic  Gait  Analysis  for  Project  51.1.  Supplemental  behavioral  analysis  of  using  CatWalk  Gait 
testing  focusing  on  the  epicenter  transplantation  groups  revealed  a  significant  improvements  in  both  hindlimb  rotational 
paw  angle  and  foreprint  length  in  animals  that  received  hAMP  transplants  versus  vehicle  controls. 
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APENDICIES: 


1)  Complete  histology  for  AMPC  survival  and  lesion  volume  and  ex  vivo  MRI  for  previously  injured  and 
transplanted  9  day  delay  AMPC  transplanted  NOD-scid  mice  in  which  behavioral  analysis  had  already  been 
completed  and  presented  as  preliminary  data.  Internally  designated  Project  51.1 


51,1  Histology  Volumes 
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Figure  3.  Unbiased  Stereological  Analysis  of  Lesion  Parameters  for  Project  51.1.  No  statistically  significant  differences 
between  groups  were  detected  using  C  avalieri  sampling  to  determine  total  spinal  cord  vol  ume  (A),  GF  AP  scar  volume 
(B),  lesion  volume  (C),  or  spared  tissue  volume  (D).  ANOVA  followed  by  post-hoc  t-test. 
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APENDICIES: 


2)  Transplant  AMPCs  2  days  post-SCI,  comparing  epicenter  versus  rostral-caudal  parenchymal  transplants. 
Endpoints:  behavioral  testing,  histology  for  AMPC  survival  and  ex  vivo  MRI  lesion  volume.  Internally  designated 
Project  51.2 

A  B 
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Figure  1.  A)  No  significant  differences  were  detected  between  groups  using  repeated  measures  ANOVA  followed  by 
post-hoc  Bonferroni-Dunn  tests  in  the  main  BMS  score.  B)  BMS  subscore  analysis. 
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APENDICIES: 


2)  Transplant  AMPCs  2  days  post-SCI,  comparing  epicenter  versus  rostral-caudal  parenchymal  transplants. 
Endpoints:  behavioral  testing,  histology  for  AMPC  survival  and  ex  vivo  MRI  lesion  volume.  Internally  designated 
Project  51.2 
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Figure  2.  A)  MRI  analysis  of  lesion  volume  revealed  a  surprising  reduction  in  lesion  volume  in  the  parenchymal  AMP 
transplant  group  (AMP-RC)  in  comparison  with  both  vehicle  control  groups  and  the  epicenter  AMP  transplant  group 
(AMP=Epi).  ANOVA  p<0. 05,  F=3.406  (graft  at  left,  below).  *  Indicates  p<0. 05  versus  all  other  groups.  B) 
Immunocytochemistry  to  identify  engrafted  cells  using  labeling  for  human  nuclei  was  conducted;  no  evidence  of 
surviving  cell  engraftment  is  apparent.  This  animal  represents  the  only  transplanted  case  in  which  any  labeling  was 
observed.  An  example  of  immunolabeling  for  this  marker  after  transplantation  of  human  neural  stem  cells  is  appended 
below  for  comparison: 


Cummings  B.J.,  Hooshmand  M.  J.,  Salazar  D.  S.,  and 
Anderson  A.  J.  Human  neural  stem  cell  mediated  repair  of 
the  contused  spinal  cord:  Timing  the  microenvironment.  In: 
From  Development  to  Degeneration  and  Regeneration  of  the 
Nervous  System.  Edited  by  Charles  E.  Ribak,  Carlos 
Aramburo  de  la  Hoz,  Edward  G.  Jones,  Jorge  A.  Larriva  Sahd, 
and  Larry  W.  Swanson.  Oxford  Press.  2008. 
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APENDICIES: 


3)  Transplant  AMPCs  9  days  and  2  days  post-SCI,  epicenter  transplants  only,  comparing  transplantation 
timepoint  within  a  single  experiment.  Endpoints:  behavioral  testing,  histology  for  AMPC  survival.  Internally 
designated  Project  51.3 
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Figure  1.  Open  Field  Loco  motor  and  Horizontal  Ladder  Beam  Assessments  for  Project  5  1.3.  BBB  (  A)  and  BMS  (B) 
scores  for  2d  and  9d  post-SCI  experimental  groups.  No  statistically  significant  differences  were  found  between  groups  in 
repeated  measures  ANOVA  analysis  with  post-hoc  Bonferoni  Dunn  correction.  C)  Supp  lemental  behavioral  analysis  of 
horizontal  ladder  beam  testing  focusing  on  errors  in  paw  plac  ement  during  crossing  reve  aled  no  statis  tically  significant 
differences  between  animals  that  received  hAMP  transplants  versus  vehicle  controls  for  either  2d  or  9d  post-SCI  groups. 
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